
I .  

b 

. 
w 

0 

8 

V 

L :  CAPSULES FOR SURVEILLANCE OF SOME PLUM 

BROOK REACTOR STRUCTURAL MATERIALS ' 
-3% 9 ry 
-7 

By Patrick L. Donoughe and Charles L. Younger 2 n - .  

INTRODUCTION 
0 
M d 

rn 8 w 

With the  advent of t h e  power operation of t h e  NASA Plum Brook Re-  
ac tor  (PBR), survei l lance i r rad ia t ion  programs on some s t r u c t u r a l  metals 
were in i t i a t ed ,  It i s  a n t i c i p a t e d t h a t  these programs w i l l  continue f o r  
a period of years t o  allow exposures up t o  1022 nvt f o r  some of the  metals. 
The objective of t h e  program i s  t o  conduct survei l lance i r r ad ia t ions  on 3 
metals used i n  t h e  PBR core: 
used as &gamma sh ie ld  f o r  a cryogenic experiment, 17-7 F" s t a in l e s s  s t ee l ,  
and beryi3lium. 

Mallory 1000 (9% W, 6% N i ,  4% Cu), which is  

F 

Capsule experimerits have been perf ormed i n  other reactors  t o  achieve 
ce r t a in  objectives.  These t e s t s  have included invest igat ions on a var ie ty  
of materials and t e s t i n g  conditions (e.g,, ref. 1-5)* Differences i n  tes t  
object ives  and modus operandi necessitated cer ta in  unique fea tures  i n  t h e  
capsule designs f o r  t h e  surveil lance tests being conducted f o r  t h e  PBR. 

The Plum Brook Reactor Fac i l i t y  (PERF) includes a 60-Mw t e s t i n g  re- 
ac tor  of the  M'TR type and a hot laboratory adjacent t o  t h e  reactor  build- 
ing. The survei l lance i r r ad ia t ion  programs require  removal of capsules 
from in-p i le  locations,  t r ans fe r  t o  t h e  hot laboratory, disassembly, re+ 
assembly, and t r ans fe r  back t o  t h e  reactor,  Certain capsule design 
c r i t e r i a  axe required due t o  t h e  nature of  the F'BRF. 
sules with s i m i l a r  charac te r i s t ics  have been des ibed ,  

Three separate  cap- 

The present paper gives a b r i e f  descr ipt ion of t he  NASA Plum Brook Re- 
a c t o r  Fac i l i ty ,  discusses the  c r i t e r i a  used f o r  design of the  capsules, and 
describes the  capsules. 

REACTOR FACILITY 

!!?he =E, a GO-Xii t e s t  reactor, is l i g h t  water-cooled and i s  of the 
M!I'R tyye with primaryberyll ium and secondary w a t e r  re f lec tors ,  Suf- 
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1 , 3 X l & 4  Max, 6,12,18,24,, 
and year ly  
the rea f t e r  
f o r  15 years 

f i c i e n t  concrete shielding is provided f o r  t he  reac tor  shutdown period 
( f ig .  1). A 70-ft c i rcu lar  pool of water, divided in to  quadrants, sur- 
rounding the concrete provides shielding for t he  power operation period, 
The water a l s o  provides shielding f o r  t r a n s f e r  of experiments t o  t h e  hot 
laboratory, The hot laboratory building, adjoining t h e  reactor  building, 
houses seven mult iki locurie  hot ce l l s ,  cold and semicontaminated work 
areas, and storage areas. 
t o r y  a r e  given i n  unpublished NASA data and ref. 6.)  

(More d e t a i l s  of t h e  PBRF and the  hot  labora- 

A cutaway perspective of t he  reac tor  showing fea tures  such as t e s t  
holes, pressure tank, t r a n s f e r  chute, and control  mechanism i s  given i n  
f igure  2, A hatch a t  the  top  of the tank i s  provided for changing f u e l  
elements and handling capsules i n  the  pressure tank. Capsules a r e  re-  
moved from the  r e f l ec to r  posi t ions,  t ransfer red  v i a  the  f u e l  t r a n s f e r  chute 
t o  quadrant C, and t ransfer red  underwater t o  the  hot laboratory, ( f ig s .  
1 and 2 ) .  

Views of t he  PBR and the t e s t  holes a r e  shown i n  f igu re  3,(. Mallory 
1000 metal, one of the  surviellance materials, i s  used as a gamma sh ie ld  
i n  HB-2 f o r  a cy-rogenic i r r ad ia t ion  experiment (ref. 7 ) -  The Mallory 
shield,  located a t  the reactor  end of HB-2, i s  exposed t o  a fast  flux 
(E  > 1 Mev) of about 
60 Mw, Beryllium, another survei l lance material ,  i s  used as the  r e f l e c t o r  
and a l s o  for core box st ructures .  
and r e f l ec to r  pieces i s  17-7 PH s t a i n l e s s  s t e e l ,  which i s  a t h i r d  surve i l -  
lance material. 

Posit ions LA-5,7,9 and posi t ions RcI-2,7 w i l l  be used f o r  t he  surve i l -  

n/crnZ-sec when the  reactor  i s  a t  f u l l  power of 

Spring mater ia l  i n  the  f u e l  elements 

lance programs, Table 1 summarizes t h e  programs, 

TABU 1. - SURVE1I;LANcE PROGRAMS FOR SOME PBR STRVCTURAL METALS" 

Material Use i n  PBR 

Mallory Gamma 
1000 sh ie ld  

HB-2 

Beryllium Reflector 

17-7 PH Reflector 
S ta in less  and fie1 
s t e e l  elements 

Exposure 
f l u x  

n/cm2 - s e c 
( E  > 1 Mev) 

1013 

Varies 

Varies 

Exposure 
number 

of reac tor  
hole cycles** 

* 
** Temperature of i r r ad ia t ion  (-200° F) i s  considered environmental. 

A reactor cycle i s  about 10 days o r  8.6~10~ sec,  
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CAPSULE DESIGN 

Surveillance programs on reactor s t r u c t u r a l  metals require  frequent 
removal and replacement of the  t e s t  mater ia ls  in  the  i r r ad ia t ion  f a c i l i t y .  
Furthermore, it is  desirable  t o  monitor the a c t u a l  exposure seen by t h e  
s t r u c t u r a l  materials and t o  provide some degree of accelerat ion s o  t h a t  
rad ia t ion  e f f ec t s  may be predicted i n  advance of the ac tua l  exposure. 
Such a program involves a large number of t e s t  specimens with the capsule 
being loaded t o  maximum capacity. 

For t he  survei l lance program the  following design c r i t e r i a  were used 

(1) Inser t ion  and removal of t he  specimen from t h e  i r r a d i a t i a n  f a c i l -  
i t y  with minimum loss of t i m e ;  

( 2 )  Capabili ty of containing a large number of specimens and of being 
r ead i ly  disassembled fo r  specimen removal without destroying t h e  
capsule; 

6 

f o r  t h e  capsule: 

(3)  Removal and replacement of  selected t e s t  specimens without com- 

( 4 )  Provisions f o r  monitoring f l u x  and temperature; 

(5) Minimum a l t e r a t i o n  of reactor-primary-cooling-water hydraulics 

The following sect ions describe the  fea tures  t h a t  meet these c r i t e r i a .  

p l e t e  disassembly of t he  capsule; 

while not  compromising reactor  safety.  

s 

U 

Basic Assembly 

The first capsule, designed for i r r ad ia t ion  of Mallory 1000 metal 
(a  tungsten - base a l loy)  i n  the LA pieces, set  t h e  pa t te rn  f o r  subsequent 
capsules. When assembled t h i s  capsule forms a cylinder with a 2-in, 
diameter and a 3%-in, length, 

length. The upper 37- in. o f  t h i s  cavi ty  has a 2-in. diameter below 

8 

27 The LA pieces (see f ig .  3)  have a beryl-  

lium plug tha tcan  be removed leaving a cavi ty  with a 42--in. 3 ove ra l l  
1 3 4 
2 2 0  

which t h e  diameter i s  reduced t o  2 i n -  for  a +-in. 1 length, then t o  1- 7 in. 
3 f o r  a %in, length, 

been machined on t h e  in s i ae  of t h e  b e r y l l i m  piece at s pint zz. in. below 
t'ne top. 

A t  the  top  of the  cavi ty  a circumferential  groove has 
-1 . 
4 

# 

The capsule, shown i n  f igure 4, cons is t s  of three major sumassemblies: 
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a t o p  retent ion piece, a bottom retent ion piece and t i e  rods, and a tes t  
material subassenibly. The t e s t  material may be encapsulated using e i t h e r  
a s ingle  capsule segment ( f i g ,  5) or multiple capsule segments ( f i g D  6). 

4 
F a c i l i t y  ins ta l la t ion .  - Three feactures  of t h i s  capsule are designed 

spec i f i ca l ly  for  i n s t a l l a t i o n  in t he  l a t t i c e  pieces. 
cross section of the  capsule i n  fig. 7 shows these features,) 

(The longi tudinal  

(1) When installed i n  t h e  reactor, t he  bottom re ten t ion  piece (2-  

The bottom of the 
in. maximum dim.) i s  posit ioned i n  t h e  2-in. diameter by  a 1-5-in-- 
long portion of t h e  beryll ium-latt ice-piece cavity. 
capsule assembly (Le., t h e  bottom retent ion piece) i s  machined t o  a 
configuration t h a t  permits reactor  primary cooling water t o  pass from t h e  
beryllium l a t t i c e  piece in to  t h e  reactor-primary-cooling-water exit system. 

( 2 )  Four b a l l s  i n s t a l l e d  and staked o n t h e  outside of t he  top- 
retention-piece body serve t o  lock t h e  capsule i n  posit ion.  
engage the circumferential  groove machined on the inside of t h e  beryllium- 
la t t ice-p iece  cavity. In  t h i s  posit ion,  t he  capsule assembly i s  locked so  
that it will not move up or down i n  the beryllium l a t t i c e  pieceD 
capsule i s  centered i n  the  l a t t i ce -p iece  cavity so t h a t  a 0.076-in. an- 
nulus f o r  reactor  primary cooling water i s  maintained between the  l a t t i c e -  
piece cavity w a l l  and t h e  capsule-assembly w a l l  ( f i g .  7, sect ion D-D). 

These balls 

The 

(3) A plunger i n s t d l e d  i n  t h e  top  re ten t ion  piece of t h e  capsule is  
designed f o r  handling t h e  capsule remotely. Two circumferential  grooves, 
machined on t h e  outer surface near the  bottom of the  plunger, permit t h e  
b a l l s  t o  be re t rac ted  s o  t h a t  t he  capsule will move i n  o r  out of t h e  
beryllium l a t t i c e  piece with ease. A c o i l  spring, i n s t a l l e d  over t he  
plunger and locked i n  posi t ion by Spir-0-Lox washers, posi t ions the  
plunger so tha t  the  balls are i n  the  locking position. A circumferential  
groove, machined a t  t h e  upper end of t h e  plunger, accommodates t h e  gr ips  of 
a remote handling tool .  Pushing or pul l ing  the  plunger permits the  b a l l s  
t o  be re t rac ted  fo r  inser t ion  or removal of t he  capsule from t h e  l a t t i c e  
piece. 

These three  fea tures  satisfy t h e  first design c r i t e r i a  t h a t  the cap- 
sule  f i t  the  i r r ad ia t ion  f a c i l i t y  and be inser ted  and removed with 
ease. 

Test specimen subassembly. - The capsule w a s  designed t o  provide a 
30-in. length for encapsulation of t es t  specimens. This length corre- 
sponds t o  a region approximately 3 in. above and 3 in. below t h e  fueled 
region of the E 3 R  core. . 

Since it i s  desired t o  reuse t h e  capsules, separate segments a re  pro- 
vided in  t h e  30-in. length (f ig .  5). These segments, approximately 3 in. 
long are  machined from 2-in. O.D. commercially pure aluminum (1100 grade) 
and are bored (1.5-in.0.D.) so t h a t  t e s t  specimens may be  positioned 



in te rna l ly ,  
with capsule segments being stacked, one on t o p  of another, t o  make up 
%he 30-in, t e s t  specimen section, 
inter locking segment i s  used t o  prevent a x i a l  ro t a t ion  of capsule seg- 
ments, 

The ends of each segment a r e  machhed f o r  inter locking f i t  

A p in  and mating hole scheme f o r  each 
h 

The bottom re ten t ion  piece and t i e  rods are fur ther  designed t o  hold 

Three aluminum (1100 
the  capsule segments together, 
t o  t h e  inter locking scheme of the  capsule segments, 
grade) t i e  rods a re  in s t a l l ed  in  t h e  bottom re ten t ion  piece ( f ig ,  4) and 
are locked i n  posi t ion by rqll pins inser ted  across t h e  diameter of t he  
bottom re ten t ion  piece, The t i e  mds a r e  posit ioned inside t h e  'bore of 
the  capsule segments and extend the  full length of t h e  capsule assembly. 
With t h i s  arrangement t e n s i l e  specimens can be stacked, one on top  of 
another, i n  the  three  sec t ions  formed by t h e  capsule segment w a l l  and two 
t i e  rods and i n  the  center  of t h e  capsule segment cavity,  

The re ten t ion  piece i s  machined t o  conform 

The top  re ten t ion  piece locks the capsule assembly as  a unit (fig, 7 ) ,  
It cons is t s  of two inter locking sections designated as t h e  top-retention- 
piece body and t h e  t ie - rod  alinement section, The body and the  alinement 
sect ion a re  bol ted  together a t  t h e  center, Alinement between these two 
sect ions i s  achieved by a roll pin in one in te r lock  surface and a mating 
hole i n  t h e  other, 
and t i e - rod  penetrations,  Three long-nosed screws, inser ted through t h e  
s ide  of t he  top  re ten t ion  piece, engage a hole through the  t i e  rod, thus 
locking the  capsule as a un i t  ( see  a l so  f i g ,  4). 

Longitudinal through holes serve as water channels 

A 17-7 F" s t a in l e s s - s t ee l  spring i s  i n s t a l l e d  over t he  b o l t  between 
t h e  top-retention-piece body and the t iebrod  alinement section, 
ac t ion  t igh tens  t h e  capsule assembly longi tudina l ly  and appl ies  a load on 
t h e  long-nosed t i e  screwso; 

Spring 

These fea tures  satisfy t h e  second design c r i t e r i a  t h a t  t he  capsule 
contain a l a rge  number of specimens and be r ead i ly  disassembled without 
capsule lo s s ,  

t 

Test-specimen ins t a l l a t ion .  - While t h e  t e s t  specimen loading scheme 
outlined in  t h e  previous sect ion meets t h e  design c r i t e r i a  for maximum 
loading, it does not permit easy remwal of se lec ted  t e s t  specimens. 
order t o  s a t i s f y  t h i s  further design requirement, t he  assenibly shown in 

I n  

figure 5 WRS aao@ed* 

T e s t  specimens and aluminumtubes, which serve as sleeves f o r  t h e  c a p  
s u l e  t i e  rods, are posit ioned iri  t h e  capsule segment cavity, 
t en t ion  washers a r e  placed on each end of t h e  assenibly, Snap-ring lock 
washers, placed i n  grooves on the ends of each sleeve, overlap both the  
specimen re ten t ion  irasher and t h e  inter lock surface of t h e  capsule segment 
and lock t he  assembly, 

Specimen r e -  
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Encapsulation of t es t  specimens of d i f fe ren t  geometries i s  accomplished 
by  modification of t he  specimen re ten t ion  cl ip .  For example, t h e  specimen 
re ten t ion  washer f o r  f l a t  ba r  specimens shown i n  f igu re  5 has c l i p s  brazed 

For those conditions where a la rge  number of t es t  specimens a r e  t o  be 
t o  the  prongs. d 

removed at the same t i m e ,  the  encapsulation is achieved by the  assembly 
shown i n  f igure  6. 
t o  form the desired length, and the  subassembly t i e  i s  t h e  same as that 
des c r ib  ed ab ove , 

Here capsule segments and t e s t  specimens are stacked 

Spacers, machined i n  t h e  same inter locking manner as the  capsule seg- 
ments, a re  employed between subassemblies, s ince clearance must be pro- 
vided between the  ends of sleeves of adjacent capsule segment subassemblies, 

Using t h i s  loading scheme , encapsulation o f  t h i r t y  1/4-inch diameter 
t e n s i l e  specimens and t h i r t y  1/8-inch diameter rod specimens, is  achieved 
f o r  the Mallory survei l lance program. 

t o  ascer ta in  the temperature and f l u x  t o  which t h e  t e s t  mater ia l  i s  exposed, 
For metall ic materials, t he  integrated neutron f l u x  i s  t h e  quant i ty  desired. 

assembly. One of these, b u i l t  i n t o  t h e  capsule i t s e l f ,  cons is t s  of holes 
d r i l l e d  in the  capsule segment w a l l .  The other technique requires  replac- 
i ng  t h e  t e s t  specimen i n  the  center  of t he  specimen cavi ty  with a f lux  
monitor capsule. This flux monitor capsule cons is t s  of two slot-head cap 
screws, each designed toho ld  a s ingle  monitor wire, and an aluminum body 
( f ig .  5). 
of t h e  aluminum body. 

perature  materials, no temperature measurement w a s  incorporated. The i n l e t  
and e x i t  reactor  primary cooling water (KC = 270 F) i s  monitored during re -  
ac tor  operations and can be used for determining the  thermal environment 
seen by the encapsulated tes t  specimens. 

MQnitoring. - One of t h e  bas ic  c r i t e r i a  of any i r r a d i a t i o n  program i s  

Two techniques f o r  f l u x  monitoring were incorporated i n  t h e  capsule 

The cap screws are threaded and a r e  posit ioned on opposite ends 

Since the  materials t o  be encapsulated i n  t h i s  program are high tem- 

Should temperature monitoring be  desired,  one approach would be  t o  re- 
place the cent ra l  f l u x  monitor capsule with a capsule designed t o  receive 
and contain buttons or slugs of mater ia ls  whose melting points  span the  
thermal range anticipated.  A second approach t o  temperature monitoring 
would be t o  introduce thermocouples i n t o  t h e  capsule assembly. 
of t h e  capsule assembly i s  open t o  reac tor  primary coolant water f l o w  and 
thermocouples could be  instal5ed without too  much d i f f i cu l ty .  

The center  

Heat-transfer analysis.  - Heat-transfer ca lcu la t ions  were performed f o r  
a capsule loaded with tungsten specimens, 
TOSS program ( re f .  8), t h e  r eac to r  f u l l  power ( 6 0  Mw) operating condition 
and t h e  reactor  shutdown condition were considered. 

For these  calculat ions using the  

With the  reactor  a t  f u l l  power, t he  pe& gamma heating value fn t h e  
Using t h i s  value and t h e  r e s u l t s  of .the i r r ad ia t ion  f a c i l i t y  i s  15 w/g, 
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flow t e s t  described l a t e r  i n  t h i s  paper, t he  TOSS output showed the  
maximum specimen surface temperature under steady s t a t e  conditions t o  
be  209' F. 
water passing around and through the capsule assembly w a s  calculated 
t o  be  24' F, These values a r e  within t h e  l imf t s  es tabl ished f o r  FBR 
heat t ransfer ,  t h a t  is, -300' F surface temperature and 27' F temperature 
r ise i n  t h e  cooling water. 

The overa l l  temperature r i s e  of t h e  reactor  primary cooling 

A t  reac tor  shutdown the  gamma h e t  drops almost immediately t o  about 
0.4 of t h e  f u l l  power value. 
r a t e  takes  place. For t h e  analysis,  s t ep  reduction i n  cooling water flow 
was assumed. The TOSS output showed a t r ans i en t  surface temperature r ise 
t o  about 300' F, foliLowed by a reduction t o  below 212' F, occurring over 
t he  90-sec, t i m e  i n t e rva l  following r eac to r  shutdown, The reac tor  shut-  
down schedule requires  maintaining r eac to r  tank pressure for a minfmum of 
5 min following reac tor  shutdown, Under t h i s  schedule the  t r ans i en t  
temperature approaches the  maximum surface temperature permitted, bu t  it 
s t i l l  i s  acceptable. 

Thereafter a gradual reduction i n  heating 

The hea t - t ransfer  analysis  w a s  performed using the  most severe (and 
i n  many cases un rea l i s t i c )  conditions t o  be encountered. Tungsten in t ro -  
duces an addi t ional  sever i ty  i n  tha t  high gamma heating values a r e  en- 
countered. It i s  s ign i f i can t  t o  note t h a t ,  mder  t h e  assumed conditions 
of  heat  generation, permissible surface temperatures a re  not exceeded and 
t h e  cooling water temperature rise is not excessive, Most s t r u c t u r a l  
mater ia ls  w i l l  not encounter these conditions, and, hence, no heat-  
t r a n s f e r  problems are associated with t h e  capsule assembly, 

S t ress  analysis,  - Stresses  on the  capsule r e s u l t  from (1) t e n s i l e  
loads due t o  specimen and capsule weight and reac tor  primary cooling water 
flowing through t h e  capsule and ( 2 )  thermal stress due to d i f f e r e n t i a l  
heating of capsule components, 

The capsule assembly i s  e f fec t ive ly  suspended from the long-nosed 
t i e  screws i n  the  upper re ten t ion  piece, *The capsule weight i s  concen- 
t r a t e d  on t h e  bottom retent ion piece and d i s t r ibu ted  over t h e  th ree  t i e  
rods, Figure 8 shows schematically the  loading of the  capsule assembly, 
For t e n s i l e  s t r e s s  analysis,  one t i e  rod of t h e  cross sect ion shown i n  
f igu re  8 w a s  employed. It w a s  assumed t h a t  a l l  the  capsule ana t h e  t e s t  
specimen .wei@t (1Z1L5 lb) was applied to this rod, 
reactor primary cooling water act ing on a 1,5-in0 diameter disk (71 lh) 
was zc?c?ed t o  the  capsuie and tes t  specimen loads. 
sec t ion  of a s ing le  t i e  rod (C,O242 in?) was s u f f i c i e n t  t o  hold t h i s  load 
with only s l i g h t  elongation (0,011 in,  

Furthermore the load f o r  

.The minimum cross 

Thermal stress analysis  f o r  a cy l indr ica l  pipe under the  reac tor  
temperature gradient conditlons resul ted i n  a negl ig ib le  e f fec t ,  
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Thermal expansion calculat ions f o r  the most severe temperature 
gradients were performed f o r  a l l  mating sect ions of the  capsule assembly, 
the t es t  specimen loading, and t h e  capsule-beryllium piece mating areas. 

t i a l  s t r e s s  concentrations. The r e s u l t s  of stress analysis  show tha t  
t h e  capsule assembly i s  s u f f i c i e n t l y  strong. A s  i n  the  case of heat 
generation, t h e  worst possible  case was postulated f o r  the  analysis.  
Actual conditions should be l e s s  severe. 

I n  no case w a s  thermal expansion su f f i c i en t  t o  cause binding and poten- 1 

Modification of Basic Assembly 

A second capsule w a s  designed t o  encapsulate beryllium t e n s i l e  and 
rod tes t  specimens. This capsule w a s  designed t o  be inser ted  i n  t h e  
same type of l a t t i c e  piece (L-piece i n  f ig .  3) as previously described 
f o r  t h e  basic  capsule assembly. The per t inent  fea tures  of t h i s  second 
capsule assembly a re  shown i n  f igure  9. 
second capsule a r e  e s s e n t i a l l y  the  same as those previously described, 
and, hence, only t h e  differences w i l l  b e  considered. 

The bas ic  design fea tures  o? t he  

The second capsule assembly i s  designed with a s ingle  t i e  pod locked 
i n  t h e  bottom re ten t ion  piece and extending the  f u l l  length of t he  cap- 
su l e  assembly. 
nosed t i e  screw t h a t  extends across t h e  top-retention-piece body i s  used. 

For locking i n  t h e  top re ten t ion  piece,  a s ing le  long- 

Test specimen load ing i s  confined t o  a s ingle  capsule segment using 
six-pronged specimen re ten t ion  washers which f i t  over a s ingle  aluminum 
sleeve, Snap-ring lock washers posit ioned i n  grooves on the  ends of t he  
sleeve lock t h e  assembly together.  The prongs of the  specimen re ten t ion  
washer are  o f  su f f i c i en t  length t o  engage t h e  in te r lock  surfaces of t he  
capsule segment. To keep tes t  specimens posit ioned with respect  t o  r i m  
segment flux monitor posi t ions,  1/8-in. diameter holes a r e  d r i l l e d  i n  
the ends of t he  t e n s i l e  t e s t  specimen. Pins, brazed t o  the  prongs of 
t h e  specimen retent ion washer, engage the  holes i n  t h e  ends of t he  speci-  
men and thus lock them i n  posit ion.  The prongs of the  specimen re ten t ion  
washer a re  of  su f f i c i en t  length as t o  engage t h e  capsule segment r o l l  p in  
in s t a l l ed  i n  the  inter lock surface. This permits a s l i g h t  degree of 
ro ta t ion  of t e s t  specimens r e l a t i v e  t o  capsule r i m  Segment f l u x  monitor 
posit ions,  but  such ro t a t ion  i s  not s u f f i c i e n t  t o  be a problem. 

Rod specimens a r e  i n s t a l l e d  i n  t h e  cav i t i e s  between the  t e n s i l e  
specimens and the  aluminum sleeve. 
rod specimens a re  locked i n  posit ion.  For capsule assembly, capsule 
segment spacer disks are employed between each capsule segment subassembly, 

A snug fit i s  provided so t h a t  t he  

A t h i r d  capsule, b a s i c a l l y  similar to ike  one j u s t  described, has been 
designed f o r  the  r e f l ec to r  pieces of t he  PBR. These r e f l e c t o r  pieces have 

a 2--in. nominal diameter r a the r  than a 2 in. diameter with a length of 1 
2 
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3 1 5 - i n .  ( f ig .  3). The bas ic  difference i n  t h e  r e f l e c t o r  and l a t t i c e  cap- 4 
sules i s  t h e  specimen re ten t ion  washer, 
s e t s  of specimens maybe tested. 
diameter next t o  t h e  capsule segment w a l l ,  and another s e t  i s  posit ioned 
on a smaller diameter next toihe capsule-segment-subassembly t i e  sleeve. 

For t h e  r e f l e c t o r  capsule, two 
One set is  posit ioned on the la rge  

From these  b r i e f  descr ipt ions o f  modification t o  t h e  o r ig ina l  cap- 
su l e  design, it is seen t h a t  t he  design i s  ve r sa t i l e ,  a desirable  feature 
when considering standard prac t ice  f o r  hot laboratory and reactor  opera- 
ti ons . 

CAPSULE KYDRA'JLICS AND HAXDIJNG 

When i n s t a l l e d  i n  the reactor ,  primary cooling w a t e r  en te rs  t h e  cap- 
sule through an opening'in the  plunger of  t h e  top  re ten t ion  piece (poin t  
1 i n  f ig .  7 ) -  The flow i s  then downward through the  tubular  length (1-2 
and cross sect ion A-A) of t h e  plunger and en ters  a cavi ty  ( 2 - 3  and cross 
sect ion B-B) i n  t h e  top  re ten t ion  piece, 
through three  o r i f i c e s  (5-4 and cross sect ion C-C) i n t o  t h e  t e s t  specimen 
sect ion (4 -5 )  of the  capsule assembly. 

From here the water is  channeled 

Water flow over t h e  test  specimens encountex% a complex s e r i e s  of 
cross sections,  The upper sect ion or' t h e  capsule and t h e  capsule-segment 
spacer disks  do not  contain t e s t  specimens, b u t  do contain t i e  rods. The 
cross sect ion shown i n  cross sect ion D-D i s  i l l u s t r a t i v e  of the capsule 
hydraulic cross sect ion i n  these regions, "he downstream flow areas  a r e  
shown i n  t h e  cross sect ions given i n  f igu re  ?, Water dischar&es f r o m t h e  
capsule by  way of a s ing le  tubular  length (5-6 and cross sect ion 2-J) i n  
t h e  bottom re ten t ion  piece, 

Reactor primary cooling water also flows through a 0,076-in, annulus 
between t h e  capsule w a l l  and t h e  beryll ium-latt ice-piece wall,, The water 
passageway i n  the  e x i t  region a t  thebot tom of  the  l a t t i c e  piece i s  shown 
by cross sect ion K-K. 

Water flow tes ts  w e r e  conducted on t h i s  capsule assembly using a 
hydraulic flow loop b u i l t  f o r  t e s t ing  PBR f u e l  elements. A schematic 
flow diagram of t h e  test setup is shown i n  figure 10, 
machined t o  t h e  same configuration and dimension as the  beryllium l a t t i c e  
piece ITES installed In ihe  t e s t  section of t he  flow loop, 

A n  aluminum piece 

A capsule was loaded t o  near maximum capacity with t e n s i l e  specimens, 
Flux monitor 1/8-in. -diameter rod specimens, and corrosion bar specimens. 

capsules were posit ioned i n  t h e  center of t he  t e s t  specimen cavity, The 
capsule w a s  i n s t a l l e d  i n  the  cavi ty  of t h e  simulated l a t t i c e  piece, The 
cross  sec t ion  a t  the  bottom of f igure 10 shows t h e  water flow areas through 
t h e  t e s t  section, 
section, namely: 

Three water channels pass through the  flow-loop tes t  
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a. A water channel around the  outside of t he  aluminum t e s t  piece; 

b. A water annulus (0.076 in.) between t h e  outer w a l l  of the  cap- 
su le  assembly and the  inner w a l l  of t h e  aluminum-test-piece 
cavity3 

J 

c. A water channel through the  capsule assembly. 

Three se r i e s  of t e s t s ,  t h e  r e s u l t s  of which are p lo t ted  i n  f igu re  11, 
were run on t h e  capsule assembly. The t e s t s  w e r e  conducted with; 

a. No flow channels blocked, (runs 1 and 4 i n  f ig .  11); 

b. The f l o w  channel through the  capsule sealed, other channels 
open (run 2 i n  f ig .  11); 

c. The flow channel through the  annulus sealed, other channels open 
(run 3 i n  f ig .  11). 

Flows were measured as the  pressure drop across the  t e s t  sect ion w a s  
increased and as it w a s  decreased. The zone of i n t e re s t ,  corresponding 
t o  t h e  pressure drop across t h e  PBR core, i s  around a AP of 40 psi .  

The results of t he  hydraulic t e s t s  show t h a t  t he  flow i n  the  annulus 
This flow i s  about 32 g p m  (difference between curves 2 and 3 a t  40 ps i ) .  

i s  i n  agreement v i t h  the 35 g p m  +lo percent value t h a t  w a s  found i n  hy- 
drau l ic  tests on t h e  PBR (ref. 9, p. 16). In  addition, t h e  flow through 
the  tes t  section i s  about 10 g p m  (difference between curves 2 and 4). 
These resu l t s  indicate  t h a t  the hydraulics of t h e  reac tor  primary cooling 
water ( t o t a l  flow of  abaut 18,000 gpm) are not a l t e r ed  appreciably by r e -  
placing the  beryllium plug with the  capsule assembly, The value of 10 g p m  
was adopted for heat- t ransfer  calculat ions per ta ining t o  i n -p i l e  operation 
of  the capmile. In  addition t o  these f low t e s t s ,  some handling experience 
with the  capsules has been obtained. 

The handling of the  capsule i s  r a the r  straightforward and simple as 
far as reactor inser t ion  and removal i s  concerned. me bas ic  capsule has 
been in-pi le  f o r  one reac tor  cycle. Removal of t h e  capsule assembly from 
the  reactor  tank i s  l ikewise simple i n  t h a t  use i s  made of a fuel-element 
discharge chute b u i l t  i n to  t h e  s ide of t h e  reac tor  tank and discharging 
in to  the bottom of t h e  reac tor  quadrant, ( see  f ig .  2 ) .  The capsule as- 
sembly can ea s i ly  be handled underwater between reactor  and the hot labora- 
t o r y  (f ig .  1). Once i n s t a l l e d  i n  the  hot  laboratory,  t h e  capsule diSaS- 
Sembly is  accomplished by  removal of t h e  th ree  long-nosed t i e  Screws from 
t h e  side of t he  top-retention-piece body ( f ig .  4). I n  preneutron handling, 
remote disassembly and reassembly of  t h e  capsule sect ions have been per- 
armed i n  the  hot c e l l  with ease by PBR hot laboratory personnel. 

. 
, 

A l imi t ed  amount of experience ( f a m i l i a r i t y  operation) has been 
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accumulated by the PBRF staff in the disassembly and reassembly of in- 
dividual capsule segment subassemblies such as shown in figure 5. On a 
first effort basis, hot laboratory personnel have completely disassembled 
the capsule segment subassembly, removed the test specimens (with tweezers), 
reinstalled the test specimens, and reassembled the capsule segment as- 
sembly in less than one hour, 
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Figure 2 .  - Cutaway perspective drawing of reactor  tank assembly. 
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Figure 8. - Stress  loading and minimum cross-sec t iona l  a rea  
of  rad ia t ion  capsule. 
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Figure 10. - Fuel element f l o w  t es t  loop at PBRF and capsule flow t e s t  scheme. 
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Figure 11. - Flow t e s t s  on rad ia t ion  capsule. 
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